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We are interested in developing cfficient image compression algorithms that are
suitable for low-complexity implementationin deep-spxt probes. Subband cod-
ing or cquivalen twavelettransforms provide some advantages over traditional block
transforms (WHT, DCT and KLT) in terms of rate-distortion performance under the
nmcan-square- error criterion and according to subjective visual evaluation. 1 urther-
i ore, the possibility of choosing a desired resolution, independently in the time
or frequency domain, is imporlant to preserve the specific features that are most
relevant for substantiating scientific findings.

A low-complexity version of a JPLiG-like algorithm based onthe Integer Cosine
Transform (ICT), is now being implemented in soltware on the Galileo spacecraft,
The most promising candidate for improving the current 1CT-based algorithiy is
a subband coding method that uses quadrature mirror filters (QME) with lattice
structure and integer cocflicients. Lat (ice QM1 filters are paraunitary, PerTectre.
constroction (PR) filters. This provides a simple mcthod to obtain PR filters with
integer cocflicients, without the need for any additional constraint (o be satisfied
for guarantecing the PR property. Sim ilarly, orthonormal wawvelet transforms can
be casily implemented by designing a two-channel paraunitary QM I; bank and then
using a tree structure. This means that the wavelet orthonormality properties can be

relained cven when the coeflicients are guantized or subject to certain constraints.
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We have used the energy compaction gain G - - 2 as our measure of

cfficiency of the filters, where the ¢ are the variances in cach of the M subbands,
and we have considered a Gauss-Markov source with autocorrelation cocflicient
p = 095, Initially, we have computed G after rounding the cocllicients ol an
optimal QMI lattice filter to integers in a preseribed range. B etier results were
obtained by using simulated anncaling tech nigues to find optimal integer solutions.
However, since high efliciency can be obtained with relatively shortfilters, we were
able o pet(=)r)) an exhaustive scarch for optimal filters with integer coeflicientsin
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theset {0, =l 1, , . .. -k} or with cocllicients restricted to powers of two in the sct
{0,127}, 7 = k.
Among the most promising new filters in terms of two-band gain, we found;

1. A G-tap filter with Jatlice cocllicients (- 4,1, - 1/4), where & = 2, having
G = 3.69, compared (o the optimal 6-tap filter with G, = 3.79, and to an
FIR (non-lattice) filter found in [1] with G = 3.00.

?. An &-tap filter with lattice cocflicients (1/4,- 4, - 1,- 1/2) and &k = 2 with
G = 3.81, compared 1o the optimal 8-tap filter with G, = 3.85, and to
an FIR (non-lattice) filter found in [ 1] with G = 3.77, which also requires a
wider range Tor the coefficients (k = 3).

3. Six-tap and 8-tap integer cocflicient filters with & = 3 and gains of 3.69 and
3.82, respectively.

Figure 1shows the gain G achicvable with Tattice filters havi ng coeflicients in the
set {0, 4277y i < k.

The encrgy compactioncriterionis justilied by rate-distortion theory arguments
[2 ], and it guarantees that the distortion 13
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for cach subband, where R is the overall rate and y; are the spectral flatness mea-
sures of cach subband [2]. However, we have also verificd that the rate-distortion
suboptimality of subband coding [3] with respect (o encoding the source directly
is negligible for the proposed filters, i.c. the rate-distortion performance after sub-
band coding, computed by using equation (1), essentially coincides with that of the
original source.

Compression tests have also been performed on actual images with good rate-
distortion results as compared 10 JPEG. Other applications include the compression
of scismic data, where the variable time-frequency resolution is of particular im-
portance.

We believe that the proposed integer subband coding methods provide an im-
proved performance/complexity solution for deep-space probes. The hicrarchical
property of lattice filters allows 1o add stages to the lattice to obtain a better filtey
(not neceessarily optimal) without having 1o modify previous stages. This provides
a method for adaptive decorrelation of the source.  In order (o further decrease
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Figure 1: Gain G as a function of & for coeflicients € {0, -l 2Hi i <k,

the complexity of subband coding methods, we are currently designing a buflering
scheme that requires a total buffer of 37, x N samples, where L is the number of
samples in cach line of the image and N is the number of taps of the filter, instcad
of storing the wholc image.
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